Herein we report a facile and scalable synthesis of highly nitrogen-doped porous carbon materials with tunable morphology. Bio-based imidazolium derivatives made from natural amino acids and dioxo-derivatives are employed as precursors, exhibiting an analogous behavior during carbonization to classical ionic liquids. Utilization of systematically controlled salt templating methods yields nitrogen-doped carbon materials with high surface areas of up to 2650 m 2 g −1
Recently, ionic liquids have been discovered as promising new class of carbon precursors as they possess several advantageous properties: the liquid state enables facile shaping and processing, heteroatoms can be introduced by the choice of ionic liquid type, and vapor pressure is negligible eventually making special synthesis equipment obsolete. [7, 8] Additionally, due to their liquid character, they can be easily mixed or infiltrated with additional substances. However, mostly because of the challenging synthetic and purification processes, common ionic liquids are still rather expensive. Therefore, the need for reduced costs for carbon materialization of ionic liquids has been established as one of the main challenges in this field. [9] Besides existing works on protic ionic liquids [10] with regard to price and improved sustainability, we recently presented the convenient synthesis of bifunctional imidazolium compounds using natural amino acids as green starting materials. [11] The synthesis of such imidazoliums can be entirely performed according to the rules of green chemistry at reduced costs, while control over the specific N-substitution of the imidazole moiety can be achieved by selection of different amino acids.
In the present paper these "bio-imidazoliums" (bio-Im) are applied for the synthesis of functional heteroatom-doped carbons. These precursors can be designed and mixed in an individual fashion so that special functional groups can tune the final carbon properties, such as nitrogen content and patterning of functionality. High surface areas of 2658 m 2 g -1 could
be achieved via the salt templating approach, without any consecutive activation. The choice of salt also allowed the synthesis of sheet-like, two-dimensional carbon nanostructures. In addition, the combination of bio-Im and salt leads to a fourfold increase of yield with respect to carbonization of the pure compound. We believe that this approach is highly attractive for applications where high amounts of functional carbons with controlled pore structure and functionality are needed.
The synthesis of functional carbons from bio-imidazoliums (bio-Im) is representatively delineated by using two different imidazoliums, constructed from two different amino acids (glycine and phenylalanine), yet bearing the same basic structure to enable direct comparison of materials (Figure 1 a, b ). Both possess a central imidazolium core with two carboxylic acid substituents, however, bio-Im 2 contains two additional phenyl-groups.
Recently, we showed that the hydrothermal treatment of amino acid-derived imidazoliums leads to the formation of "classical" ionic liquids (IL) via decarboxylation at the α-amino acid carbons contained in the bio-Im. [12] In a similar way, we surmised that during the high temperature treatment the bio-Im may undergo a similar decarboxylative process leading to a bio-derived IL as transient species. Therefore, Bio-Ims can be considered as a source of "masked-IL". Table 1) . With respect to the successful incorporation of high amounts of nitrogen into the carbon lattice, the used amino acids influence the overall heteroatom-content. With the glycine residue being present as the N-substituent on the imidazolium (B1), the nitrogen content in the final carbon is in average twice as high as in the case of the phenylalanine (B2, Table 1 ).
Taking into account the yields found for the two bio-Im carbons, it is unlikely that this is due to the higher carbon content of B2 as otherwise the yield for B2-based carbons must have been higher. It has to be mentioned that the salt, however, has a positive influence on the carbon yield as it drastically increases the amount of the final product. In the case of B2 this is even the key of the synthesis, as without any salt the residues are very low. This phenomenon is still not fully understood, yet it is claimed that the increased ionic interactions, the "solvent-character" of the salt at elevated temperatures as well as the confinement play crucial roles.
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Finally, the nitrogen content also does not drastically depend on the template salt, which suggests that the salt is mainly influencing the porosity, without affecting the chemical composition of the carbon too much.
Scanning electron microscopy (SEM, Figure 2 pronounced and clean in structure than in the case of classical IL salt templating. [13] This process for the different salts is schematically depicted in (Figure 2 e-g).
The homogeneous and light weight structure is further visible by transmission electron microscopy (TEM, Especially for energy storage applications, such as in supercapacitors, even higher surface areas are wanted. Therefore, the quest for "record surface area carbons" is a very popular topic, yet here the choice of the precursor becomes more and more a combinatorial task together with the right processing technique. In order to test the suitability of the bio-Im precursor also in this direction, we applied several attempts along the salt route. ZnCl 2 -based salt mixtures could not exceed the value of 1596 m 2 g -1 ( Table 1) . For this reason, we decided to employ cesium acetate, a low melting point salt, which should guarantee a homogeneous reaction mixture and serve as molecular template due to the very large and polarizable cesium ion. [14] Exemplarily, this is shown for B1 using cesium acetate and the bio-Im 1 in a 1 :
9 mass ratio ( Figure SI-3) . As for the morphology, TEM ( Figure SI-3 Recently, we also described the synthesis of highly extended, sheet-like carbons with heteroatom-doping and few nm-thickness, however from glucose. [15] To evaluate a possible generalization of this approach, a ZnCl 2 -free eutectic mixture was chosen as a solvent in order to work at higher temperature and concentrations otherwise incompatible with ZnCl 2 .
Figure 4 a) HRTEM images of B1S4-800 at very high salt ratio (1:100), b) higher magnification, c) AFM measurements of B1S4-800 at very high salt ratio (1:100).
The carbon derived from B1 in combination with S4 in a weight ratio of B1 to salt of 1:100 indeed result in extended, sheet-like materials as can be clearly seen from the high resolution TEM pictures (Figure 4 a, b) . The strict 2D-character is further supported by AFM measurements which reveal a highly uniform sheet thickness of about 5 nm (Figure 4 c) . It is to be noted, that this sheet-like carbon still contains a high nitrogen amount of 7.3 wt% and possesses a surface area of 763 m 2 g -1 ( Figure SI-5 ) which is a very advantageous factor e.g.
for energy-related application.
In conclusion, we presented an alternative approach towards the cheap and scalable synthesis of nitrogen-doped carbon materials of diverse morphology. Compared to standard approaches, the precursors used in this study are "bio-imidazolium zwitterions", which were synthesized from natural amino acids and dioxo-derivatives. Such compounds, act as masked ionic liquids and showed an analogous behavior during carbonization to classical ionic liquids. On the one hand, this reduces costs drastically and makes such precursors attractive for functional carbons. On the other hand, the variety of available bio-Ims and the precise incorporation of functionality allow speculating about systematic and rational tuning of the final carbon properties. Thus, the bio-Im platform offers the possibility for low-cost "designer-carbons" which will also allow for the deeper study of the influence of the precursor structure on the final material and thus custom-made carbon materials.
Furthermore, these carbons could be shaped to various architectures with controlled porosities via salt templating, using the good and adjustable miscibility with salts.
Exemplarily, the pore size was shown to be adjustable from the supermicropore to mesopore range, very high surface areas of 2658 m2/g could be realized and graphene-like sheet-morphologies are easily synthesized in higher dilution of reactants. As an outlook, it is imaginable that functionality will not only be adjustable through templating and processing, but also by rational insertion of structural motifs, e.g. chirality, which should prevail at least for the carbonaceous intermediates.
Bio-imidazolium derived Carbons:
For the synthesis of the carbons, the respective bio-Im was placed in a ceramic crucible and heated in nitrogen atmosphere to temperatures between 500 and 1000 °C with a heating rate of 2.5 K/min and kept at this temperature for 1 h. The porous carbons were synthesized by mixing the bio-Im with eutectic salt mixtures of LiCl/ZnCl2 (salt 1=S1), NaCl/ZnCl 2 (salt 1=S2), KCl/ZnCl 2 (salt 1=S3) and LiCl/KCl (salt 1=S4), respectively, in the mass ratio of bioIm:salt as 1:3. For the synthesis of the ultrahigh surface area carbon, the bio-Im was mixed with cesium acetate in a ratio of 1:9. For the synthesis of the carbon sheets, bio-Im 1 was mixed with LiCl/ZnCl 2 in the mass ratio of 1:100. The precursor/salt mixtures were then heattreated in the same way as described above. After cooling to room temperature the crude materials were ground and washed with water only, in order to remove the template salt followed by drying in a vacuum oven.
The final carbons are denoted as BxSy-Z, where B stands for bio-imidazolium, x for the type of bio-imidazolium, S is for salt, y denotes the type of salt and Z denotes the synthesis temperature. BxS-0 is the non-porous carbon synthesized without salt.
Characterization:
Wide angle X-ray-patterns were recorded on a Bruker D8 Advance instrument using Cu Kα-radiation. Bulk elemental composition was determined by combustion analysis using a Vario For AFM measurements, the sample was dispersed in NMP and thereafter drop-casted on a substrate (freshly cleaved mica), and left to dry at room temperature. AFM height and phase images were obtained in the soft tapping mode by Dimension 3100 AFM (Veeco/Bruker, USA) controlled by the Nanoscope IIIa controller (Digital Instruments/Bruker, USA). Standard silicone tips (Olympus, model OMCL-AC160TS, Japan; BudgetSensors, model Tap300-G, Bulgaria) with radius around 10 nm were used. Measurements were performed at room temperature, relative humidity of about 40%, in a low-noise acoustic chamber. For the evaluation of the AFM data Gwyddion 2.38 and NanoScope Analysis 1.50 were used. 
